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Cyclodextrin (CyD)1 has been of interest 
from the viewpoint of enzyme-mimetic chem
istry. In an aqueous medium, it is capable of 
recognizing a substrate molecule,2 and accel
erating its reaction like an enzyme. In these 
enzyme-mimetic reactions, however, the hy
drophobic cavity of CyD mainly does nothing 
but act as a binding site to fix the substrate in a 
certain conformation. 1 •3 - 5 

Recently it has been found that CyDs can 
accelerate not only the bond cleavage reaction 
but also the bond formation reaction. 6 - 11 For 
example, Diels-Alder cycloadditions were ac
celerated in an aqueous medium in the pres
ence of {3-CyD,6 •7 vitamin K 1 (or K2) anal
ogues were synthesized from 2-methylhydro-
1,4-naphthoquinone and alkyl bromide using 
{3-CyD as a catalyst,8 and 4-hydroxybenzalde
hyde, 4-hydroxybenzoic acid and 4-hydroxy-

methylphenol were selectively prepared from 
phenol in the presence of {3-CyD.9 - 11 These
lective C-O bond formation, however, has 
never been achieved in water by the cataly
sis of CyD. 

In the case of the Williamson reaction be
tween phenol (or phenolate) and alkyl halide 
in an organic hydrophobic solvent, the re
action produces alkyl phenyl ether selectively. 
In an aqueous medium, however, the reaction 
proceeds slowly and the selectivity of the 
products (ratio of O-allylation products to 
C-allylation products) decreases considerably 
due to solvation by water molecules which 
prevent the anionic oxygen atom of phenolates 
from attacking the allylating reagent, resulting 
in C-allylation. 12 - 14 (cf Scheme 1) 

Here, we have successfully developed a new 
system using a CyD cavity as a reaction field 

Scheme 1. 
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for the C--0 bond formation. The allylation of 
phenol is carried out in water in the presence 
of CyD to produce allyl phenyl ether selec
tively using only the hydrophobic cavity. In 
addition, an organic reaction in water is not 
only instructive from the viewpoint of enzyme
mimetic chemistry but also greatly facilitates 
practical organic syntheses. For example, wa
ter is less toxic than organic solvents and 
makes it easy to separate products from re
action mixtures. 

EXPERIMENTAL 

A typical reaction was carried out as fol
lows. In a 50 ml flask, 1.2 mmol of phenol and 
1.4 mmol of CyD were mixed in 30 ml of a 
sodium carbonate buffer solution (pH 11) and 
the mixtures were stirred for 16 h at 28°C. 
After incubation, the oily phenol was dissolv
ed. Then 1.0 mmol of ally! bromide (3-
bromo-1-propene) was added and the mixtures 
were incubated for 20 h at 28°C. After the 
reaction, the mixtures were acidified with a 
dilute solution of hydrochloric acid. The pre
cipitated catalyst and aqueous solution were 
washed three times with I 00 ml of diethyl 
ether. The ethereal solution was collected, and 
dried with anhydrous Na2S04 and anhydrous 
MgS04 . The ether was evaporated and the 
residue was analyzed by HPLC (Column: 
TSK gel, ODS-80-TM, Tosoh Co. Eluent: 
methanol~water, v/v ralio =6: 4). 

RESULTS AND DISCUSSION 

The yields and selectivities of the products 
are listed in Table I. Trace amounts of side 
products, for example the double alkylation 
products of phenol, were detected and the 
unreacted phenol was recovered. /3- and y
CyDs work as effective catalysts for the selec
tive synthesis of ally! phenyl ether (phenyl 2-
propenyl ether). The low selectivities for o-glu
cose and amylase-A indicate that not the glu
cose moieties but the hydrophobic cavities of 
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Table I. Alkylation of phenol with atiyt bromide 
in water with and without various additives" 

Yieldb of Selectivity for 
Additive allylation % O-allylation 

(amount in mmol) 
0- C- % 

None 29 26 53 
o-Glucose J l.2c 26 18 59 
Amylase Ad (11.2) 23 23 50 
:x-CyD 1.4 15 21 42 
/3-CyD 1.4 55 8 87 
,'-CyD 1.4 46 4 92 

a The reaction was carried at 28''C for 20 h using 
1.2 mmol of phenol and 1.0 mmol of ally! bromide in 
30 ml of pH 11 buffer, 

b The yields are based on the amount of ally! bromide. 
Unreacted phenol was recovered and by-products were 
detected in small amounts, 

' The same quantity as that used in the case of y-CyD in 
a glucose unit, since 1-CyD is composed of 8 glucose 
units. 

d The average molecular weight of amylase A used here 
is approximately 2900, The same quantity as that of D

glucose was used, 

CyDs are essential to the selective catalysis. 
Although all CyD derivatives have hydro
phobic cavities, /3- and y-CyDs work as selec
tive catalysts, but 0(-CyD does not. 

As described above, the selectivity of the 
Williamson reaction depends on the hydro
phobic atmosphere of the solvent. 12 - 14 In the 
present experiments, the hydrophobic atmos
phere around the anionic oxygen of the phe
nolate is realized by using /3- and y-CyDs even 
in an aqueous medium. /3- and y-CyDs have 
larger hydrophobic cavities than 0(-CyD so 
that they may be able to include the phenolate 
strongly in their cavities in an aqueous me
dium and desolvate it from water molecules 
resulting in the selective reaction of C--0 bond 
formation. But the cavity of 0(-CyD is narrow 
so that it may not be able to include the 
phenolate sufficiently, resulting in insufficient 
desolvation of phenolate from water mole
cules. This insufficient desolvation or partial 
salvation of phenolate may hinder the 0-
allylation. In other words, 0(-CyD cannot offer 
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an adequate hydrophobic reaction field to 
promote the O-allylation. 

This is supported by the larger association 
constant of {3-CyD with phenol than that of ix

CyD.15 The strong inclusion of phenolate re
sults in increased selectivity of the reaction and 
in inhibition of the allylation at the benzene 
ring, because of the steric hindrance by the 
"wall" of CyD. 

In conclusion, we have achieved, for the 
first time, the selective C-O bond formation in 
water using CyDs. Since we have been study
ing the immobilized CyD which creates more 
hydrophobic binding cavity than CyD itself 
and has different inclusion properties as a 
host molecule16·17 resulting in specific catalyt
ic properties for C-C bond formations,18·19 

the use of the immobilized CyD as selective 
catalysts for the present and the analogous 
reactions are under investigation. 
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